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Abstract of JP2002032790 

PROBLEM TO BE SOLVED: To 
provide a game system capable of 
realizing the representation of 
anisotropic reflection with a small 
quantity of processing burden, and to 
provide an information storage 
medium. 

SOLUTION: A reflection vector at each 
configuration point of an object is 
calculated on the basis of light source 
information and normal information, 
the direction of the reflection vector is 
changed into the direction of 
anisotropic reflection to obtain a 2nd 
reflection vector, and the shading 
processing of the object is performed 
on the basis of the 2nd reflection 
vector and line of sight information. 
The reflection vector R is subjected to 
coordinate transformation to a UVN 
coordinate system to calculate an 
RUVN, the direction of the RUVN is 
changed in the UVN coordinate 
system to obtain a 2nd reflection 
vector RUVN2, and the RUVN2 is 
returned to a world coordinate system 
to perform shading operation. The U 
and V axial components of the RUVN 
are scaled to change the directions of 
the RUVN. When the object is 
represented on a free-form surface, 
the U and V axes are set in the 
direction of a tangent vector at each 
configuration point on the free-form 
surface. Specular representation 
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texture is mapped onto the object on 
the basis of iexture coordinates 
calculated from the RUVN2. 
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^■^j:^{C, *iLS^e>©)tS^h;i/?:LtU 

l>;i/RS:TS; (2) ©cfcotc^s,, apt>, ^2SW$g 
(L) tffimm (N) iltcSt5^TiEW^^ h;i/RS: 

[006 1] R=2 (N • L) N-L (2) 

&fc®4 (a) tcfevvr, XzfpjL? bamm±aym 

[0 0 6 2] -fLTal^aeKB^i, ±^ (2) T-*«) 
^tL^SM^^ h;i/R$r. S4 (B) tC^-TJ:e)C m 

[0 0 6 3] <fc »JH#ttIC{4. iBGDl^S^UM (M 1 > 
^2©fS<Z)-^(7)||li) ©^fpIT*fe-5i:^$4^T^^•^>^ 
^C{i, 04 (B) lC^-rj;^(C, JSM^^ h)lR<Dl5 

50 ;bR2S:»*. z©J:^fc-rnii. yf-fi?*? h<D&m 



(7) 



2002- 32790 
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[00 64] *©6lS#V(t.(j&l, $&2.0M<D 

4 (B) Himi^ BMW h;i/R©^ffiJS:UfacD^ 
mtttX (Ism^T) , BMW h;i/R 2 £#5„ 

[0065] *isx*mm&mx& z:<z>j:-mcut# 

bfrtcBMW h;bR 2 SrJiVvCS'x—r-f >#mM* 

[0 0 6 6] ^{i^^XD^-x^^Jffl-rS^tC 
& BMW K;i/R 2 ££iifc§i^ h^cofc-r^gS: 0 
i:Lfe#£lc, Psxcosneott«$:tfv\ ^ffiSSt 

[0 0 6 7] -fcfc, ^ru yo^frZmm-f&m&lz 
its BMW Vfr^znymw h;i/L^(©tfi^K^ }> 

;i/&#*?>, r©4»iflK* hjvtimw hjvuizm-i^* 



12 



[0 0 6 8] J«_h©«fce>lCLTiiSSI*3t0Sae$:*«) 

s^t% *msmx\^ t^i^ h®S5t-©s 

[0 0 6 9] BM** bjuwjfaz&itttzymit. 
[0070] (i) £-ng5io3t-r<fce>ic, ±3$ (2) 

T*©^^^ h;i/R (Sn<Z>S*K* h;i/) &P-;i/K 
J^gUfc (XW, YW, ZW) ICfcWC**?)*. 

[0 0 7 1] (II) mz. mS&AHZjjk-t&oiZ. B 
MWb)VR (RX, RY. RZ) £, »7-;bK&Sl* 

(01 (Dmwm fr*>uvNmwk cm2<Dmw® iz 

mm&iLT. UVNmW&XOBMW H^RUVN 
(RU, RN, RV) fc^S. 3<Dj^^tt#l/ttfT 
20 5$ (3) ©J:e>{CbT|^T*^So 
[00 72] 

mi] 



RUVN = 



RU 
RN 
RV 



= MovbXR 



UX UY UZ 
NX NY NZ 
VX VY VZ 



RX 
RY 
RZ 



(3) 



#wwn*©iw>2n& zm?mx& y , uwatf vw©fB 

j£ (3) tf) (UX, UY, UZ) ttU|ft^|Bl(D#e/<^ 

h;i/T-fe'J, (vx, vy, vz) izvmfitfmm®.^ 
* b)ix&z> 0 nmo. asm** h;i/©^c|g 

JfeS*lfcttT?*»J, ±5$ (3) tf) (NX, NY, NZ) 

[0 0 7 3] U®, V$j|«SVHCfi3eL-0^< 

T%>«k<, S.^\Z&m~tZ>$$lX'&tUZ£\,\ Nfi* 



J^S^^ h;i/(D^Inj«)|fiT^<T : fe)cJ:<, limRtf 
Vf®IC^^&$g|T'&tUi* J: t \, 

[0 0 7 4] (III) #tfC, ®5CDA2{C^-r.te>^, 
UVNJ^miCfc^TEJt^? Wl/RUVN (RU, R 
N, RV) (DjjfilZmtZiiX. KM2UV 
N (R2U, R2N, R 2 V) £*&.g>„ £*U4«*.tf 
(4) tC<fcU:£«)£3£:#T'£5o 
40 [0 0 7 5] 
BS2] 



R2UVN = 



R2U 
R2N 
R2V 



= CCU. 1, CV] 



RU 
RN 
RV 



(4) 



33T*, CUttU«KR^T*©^>r-'J>y«i«T'*»J. [0 0 7 6] (IV) fctc, H5©A3UjS"*J:^K:, JE 

CVttV^(SFT'©^-U>;y^|!tT'*S. 50 »^h;i/R2UVN (R2U, R2N, R 2 V) £, 



(8) #g§2 0 0 2- 3 2790 

13 14 

AKffi^tT*<DSI* / <^'h;i/R2 (R2X, R2Y, R [0 0 7 7] 

2Z) fc^abS. 3*U*0!l;UrF5£.(5) lC<fc»J:£«>S* K5C3] 



R2 



R 2 X 
R2Y 
R 2 Z 
V. J 



Muv»-'XR2UVN 



UX UY UZ 
NX NY NZ 
VX VY VZ 



R2U 
R2N 
R 2 V 



(5) 



1-5UVNJ^fc£i85tU ZLCDUVNj^gUfclCfc^T 
EMO h;bRUVN£^fb£l£T£l>K* h;i/R2U 

(4) OJ:-MC, SM^^ h^RUVNODU^feg^RU 
$r^RCUT'^-U>^U VSt^frRVSr^CV 

Ms<9 hJ\sR2UVNZmz>Z\£tfT*g?>J:5iZ&Z. 

[0078] ham. uwfimzmniift-kwtfct&m 

^\Z\lL 06 (A) \Z^ti:^K. \JW5\fta>*>r-V 

y >fW&c u & 1 . o j: y < i-tui «t v \ Mx. 

06 (A) T*«> CU=0. 5, CV=2. OCiSJtS 
[0 0 7 9] -J, V«*ieKC«0*RiS:«SfS«^. 

Kli, 06 (B) (c^fieitc, v«b&ma>^-u> 
yfiSRCV'Srl. 0J:y%/Jv5<"**UiJ:V\ «*.tf0 
6 (B) Tftt. CU=2. 0, CV=0. 5(C|g^$ti 
TV**. Z.©<fce>tC-rS3.i:T*, SM^bMt. W<Z 

Stt3fc*fire*sutt®*fiFK:SBfbU JbGKtBWtmt 
[0080] *$--y>yffi»c<fcyfiE»/<*h 

[0 0 8 1] 06 (A) , (B) T'WU X*-y 

>y^g[CU, CV&JBVvtiR»'<*M,RUVN©# 
ft£^fb31tTV*.5#, RUVN&N$(lliyT?IaBESl* 
*3fcTRUVN©#fiJfc|tfb;^5#4S8:J»8LTfc 

[0 0 8 2] 3*UC*fLT, ^-U>yfiB»T?SW/< 
* b;w&:£|6J3:^fb$-&5^ST*Wu ^-U>^MK 

si*^* Vtooytiwwk^mxxmv^t&^^zyi 



[0 0 8 3] 07 (A) Wu tf^x* hOBtotfL 

0>tC&£ fett), tf^x ? h O B CD^StCltii^^© 
20 /W5-rh#£C*. 

[0 0 8 4] 07 (B) li. m&*®m*rrn>*m^ 

(b> x-ii, *zrv*>7 bon<D±m\zmfoviitkoMi$ 
[oo8 5] 07 (o it. xmtamv&mz 

7 (C) TWU 06 (A) . (B) T-mfflVf-XT-V 

yy$mfrc\j=o. 5, cv=2. otc^^tix^ 

30 ^ntCfcU, 7tzfZ?3L? hOB«)±ffitC^R^(D 
EfcTS-S. 

[0 0 8 6] 08 (A) tt. ffefe^H# i *5 s ;i/«:ffl^ 
TJWtt^&^Lfc^©£j8iHfc0lT&S. 08 
(A) T'tiU tf^x* NOB©iWfcfr&fl3H#C4S# 

&5£:J®}£$*lT;fey, ^r^-os^n (X/b&dizs. 

[0087] us (b> \t, #m&&m&mz 
«fc i )mwmzmivt~w&(D&}8MmK'&z>. m 

40 8 (B) Tl±, *^-y>?^#CU=2. 0, CV 
= 0. 5tC^$*lTV^ 0 dJUCcfcU, t^x^ h 

o b (D&bfr ^mmzm^^m^^x.^T^^ 

[0 0 8 8] 09 (A) ~ (D) , HI 0 (A) ~ 

(D) »c, ^^-U^^^KCU, cv*'&*\zmtii 
ikt=£&\z#$mm\z£*)^Zftz*7V3.>; ho 

[0 0 8 9] 09 (A) T'li, CU=0. 5. CV = 
2. 0{Clg£$*lT^£. ^UT, 09 (B) . 
50 (C) . (D) , 01 0 (A) , (B) , (C) , 



15 

(D) T'tt, CU#0. 2-foifSDU CV#0. 21* 
■38feJ>UTVV&.' 09 (A) ^7i/»)M7 

>r hitAW^^ 010 (d) X'&^T^jymk 

[0 0 9 0] z.a>&?iz*m3&mK&ft\3L x*r-v 
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* [0 0 9 1] 2. 2 gffiffi®CDflJ/B 

[0092] iE&ffiffi®M#.Puv (u, v) CDxjS 
*T*fe5PXuv (u, v) ttT5$ (6) CDJ:e)lC#«?) 

[0093] 
K*4] 



P'uv (u, v) 



= CNva.« Nvi.4 Nv... Nv m ] 



Qo 
Q. 



Qo 
Q. 



Nu... 
Nil... 

Nu... 
Num 

(6) 



Puv (u, v) ©y^, zffc^Cowrfc, ±5*; X<D£5\Zt£Z> 0 
(6) £^<Z>5£{CJ;U:£*53£#T'£S. [0 0 9 5] 

[0094] mm<tzfiv tcmsizitr*. ( 7 ) * osstsj 



P'uv (u. v) P'uv (u. v) 



tNv... Nv M Nv..« Nv m ] 



Qi.'Q,.* Q..'Q„- Q,."Q ia - 

Q..'Q»t* Qu*Q..~ Q.. a Q..~ 
O.-'Q,.' Q.,'Q.,* Q..'Q..- 









Nu.., 


Q..'Q..' 






Nu^ 


Q..'Q.. a 


Nom 




«. - 


- (7) 





_fcs£ (6) , (7) Q00~Q33«M&&T'& 

So 

[0 0 9 6] 4feNuo,4~Nu3, 4> Nvo,4~Nv 3f 4 
T5£ (8) , (9) <mm&^<mm& (DeBoorCox ★ 



★^JitftsS) T5£ (1 0) ©7 y h/<^ h;i/TU, T 
[009 7] 

30 me] 



u-uj 

Nuj.ii = Nuj.h-i 

Uj+«-i-U| 

Nuj.i » 1 (uj£u£uj«i) 
Nu,., -0 <±EJ6l#) 



[0 0 9 8] 



U U J*t 



N U j+ i. y-i 



<8) 



A * [&7] 



Nvi.it =3 

Nv, , 
Nv,,, 



V — V j 



Nv, 



V — V J 

*1 (v^vSJv,-.,) 
- 0 i±&&LH) 



Nv,*i. k-i 



(9) 



TU= CUo Ui Ui 
TV= [v. v» v. 



N : 
M: 



(10) 



&Z>*gr£lZ& =l~7*-2* (Uniform) tmtft, J 



50 



Uniform) fcDftfftS. 
[0 0 9 9] J yzi—7jt-2± (Nonuniform) X\ % 

Mit (Rational) $tl£B;xy^>f NURBS 
(Non Uniform Rational B-Spline) 7?fe-5o 
[0 1 0 0] Hi nc «nB»»CJ:U£A3sn«:A 
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[0 10 1] ±3)5(6) Xit (7) frbmbfrte&o 
iz, mmrty*2 0<D&m.&\-L igM&Qoo~Q33* 

*Slf^foit§ilI&Nuo,4~N 113,4, Nvo,4~N V3,41Z 

3^u<u4h^cU, A^^-^ v®^^iv3^v<v4 

[0 10 2] ffl®A-v^2 2&^=TSS^{C 

WSW^t^At, Q00~Q33^5>Q01~ 
Q34^*3-5. *LT, ttuSAy^2 2<Z)£3tJ&£li, 
»*Q01~Q34^tg-tf-&*3-&§iKN u i , 4 ~N u 4f4 , 
Nv 0 ,4~Nv3 f 4tCSt3#^«?)^4xS„ Z\OM&. 
^-^uCD^cttu4Su<u5t3S:t), A^*-#v<Z) 
^« v 3 ^ v < V4K&S. 

[0103] jmffim\z&v§u&zin,t-wmrtvi-2. 
o©#^^ 3j<u =f><z)m^cig^s^ r*ie>©« 
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[0 104]Sl2fC, gfiffiffi (NURBS) 

[0105] sr. *zn?*t bz&m&ffivmLt^m 

iricfct, ftSo^fg (MS) hA-fctS^c^abs:: 

10 [0 10 6] HI 3IC£wvr. K*PT'©u 

#fa©g5!SSK* h^UVECfflx^liTS (1 1) <D 

[0 10 7] 
0R8] 



3P"uv(u. v) 



du 



- = [Nva. 4 Rvj. 4 Rvj. 4 Nv*. 4 ] 



Q..* Q.1* dot" Qot' 

Q.." Qi»" Q..* Q.,« 

Q«" Q.» m 0«' 

<b«" Qji" Q*»" 



dNu». 4 



du 
dHui, 4 



du 

dNiit. « 



du 
3Hu». 4 



du 



(1 1) 



v^ffil©^^ h;i/VVEC©x^iT^i iS [0108] 
(12) <D$m*fi$Zi LT'&SbZZiltfT'Z Z>. yf& ER9] 
z^feH^T'feS. *30 



ai"uv(ii.v) 
a v 



aNv,. 4 dNvi, 4 aNv,.. 3N».. . 



av 



av 



a» 



fcfe ±^(12)> (1 3)tt#«ft&fi*>fcV^»£©^ 

[0109] ifc, ±« (12), (13) tc«ty*«) 
&tlfcS5MK^h;i/UVEC, VVEC(D^«$:fmt- 
HI 3tCj3V4-«k-5»C m£PT*tf>i£&§K* 

[0110] -eur, jg&§K* h;i/uvEc<z)#iaj.c0 

5T8WiLfcUVNfl9Bfi®U«&tt3tU SaS^* H 
;i/VVEC©*fiItCUVNaiaeR©VttS:Kj£U ffifiR 
H;bN©#ffl.cUVNl£«*©Ntt&Stei-5 0 
[0 111] ZL©<fc-MCl-;tU£ -*-fV*9 b<D&ffim 



av 



40 



<..»* q>i* «o," e. 

Qio" Q.." q.,- a. ; 

Oi." a.i* a..- q. 
a..- a.,- a..- a» 

- (12) 



Nu... 
Nu.. 4 

Nu,.. 
Nu,.. 



50 



[0 112] iconic, *zfi?*9 hSrSftffiiSS:^ 

[0 113] asfgK* h;i/N£#&fe«>.C*«>S 
J^S^^ h;i/UVEC> VVEC «e> UVNM^^IS 

[0 114] ^i/ai^h$:/J<Urf>T-^Ufe 

[0 115] ffi|*.tf01 4 (A) T'fct, XzW^V hO 
B (OBI, OB23UiOB3) ©O (X 



(11) 

19 

L, YL, ZL) ICfcVNT, YLffifc^frtLtf^x 
©ggi^* h;bUVEC©#fr£Ui|&£Igj£3-.5 0 *L 

[0 116] -eLT3©mcJ:*U£ Hi 4 (B) IZ 
tt£$lZ* -fefifo bfrUVECft-fifaX 10 

tiUVE CtCSit^lPl) izmtf^t-£Jm§T'(Dm 

[0 117] 2. 3 X^n^- Vyfcf:/?' 
STH4 (B) ^±5$ (5) T'^tlfcffifcK* h;i/R 
2 £S^£re> S/i~r-f yfWM-lZ. Wb«>5 7x^*3. 

t? h;uR 2 tw&<? hjuDtetnmzj: vmmixMoy 

^®) ^©^Sr^T^i^^lC^S^^eiPraS 20 
[0 118] U^l,fc#e>, lu&LfcTW-^ift* • 

[0 119] '©#£, SyVTJMJJ+tim&CGa) 

«fc e> izv ? *juw£mm&wm&&Mi*iMi. 

x**^-mWtfV3yMftiz{misTL>kt)£^ 30 

[0120] zmzMLx^m^mxit, xx^-m. 

T'fcfc&<, BM^-f h;i/R2^ (5) ©«fce»tC#«?) 

tot, Z(D5M^ h;i/R 2KZS-5V^5^ 
Xftlg?:^, £©^*;*^*SSWcaS-3vvc*/< 
^^-^t^X^S::*)--/^? MCTy \fy>?ir 

[0 12 1] <t»JIW!llC«Mxtfil 5 (A) IZjjk? 
3©:VC*:x5-5S^-*;**-vtty 7)b$Jl±lZ£j& 
[0 12 2] @15 (A) iZ^^^^-mmr-^ 

©*«#»* tC*RU JHttC3e<fcLTff<. 
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[0 12 3] '©Ell 5 (A) lZttXs<3c=L^-igm 
y***-*KU:»J, HI 5 (B) KaVi-J^fcfiBBRRa 
0 

[0 124] -fbTHl 6Kjo*;-f .fc^tC, b 
OB&|^-*SJ:3C«e8S*3 0fc«Jfe'*-S. 3fc 

ZtoBM**? b)VR 2 &m*3 0 £©3<i£P R£#© 

STX. TY (n-f^f *- hffi) ine>©T 
X, T Y &ffift&P ICigJt^S. 

[0 1 2 5] *LT, i©J:^K:l/T««WW«ca8*S 
tlfe-r^X^-v^glTX, TYlCgoVT. Ell 5 

(A) (C^-rx^o.^-^^^^^&^-^i^ 

[0126] RiKZ)«te>fci-nii, 

e> IC&Sfc*. «fc U a«8T U 7;i/&H&££j&T'£.g> «fc 
[0 12 7] 3. ^iQ^f&O&il 

mz. #m&m<mmnmmmz^T. hi 7, h 

[0 12 8] i-TPN («A^!)t9) fcOCBBfrTS 

[0 12 9] #cfc, CBW0 PN-ecgsMW b 

;bUVEC, VVEC£±5£ (1 1) , (1 2) &&Z 

[0 13 0] &iC, HI 3T*Si^Lfcj:e>tC, 
h;i/UVEC, VVEC©flfl»W&fTV\ i^^^N 
^/NS:#«bS Ufy7"S3) . 

[0 13 1] 7^fC, jypffifl, KWWlPNOfiat 
,&PNTCDS3&§K2 h;i/NlcSo-^HW^^ h;bR&# 

fi®tm^PN©fegi:S:i!S/S^<^h;U5:H4 (A) 

M*9h)\'N£lzm'5%£M'<>?b)\'RZ$LtoZ> 0 — 

LtmSi^ b)VNlHZm-3%JxMK9 bJVRZ&tb 
•5. 

[0 13 2] H50>AlT*l*yp3L£cfce>{C. »7- 

;i/KfflR**»6UVNflEi» (UVEC, VVEC. N 

x-m&zti&mmm KLsutt** bntRttumsmu 

RUVNS:*«?)S Uf77"S5) . 
[0 13 3] mz. H5©A2T'I»^Lt«ke>tC. UV 
NJ!^lCfcV\TRUVNlC**LT, S^-ffiS:!*©*^ 



(12) 
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V\ JRW^WbR 2 UVN frrVZfS 
6) . 

[0 13 4] S5©A3T*Ui^LJ:e>t:, R2U 

VN&>7-;i/Kg|^cj^^^U M/R2 

[0135] 7£ic, R2£«i$k* h;i/£©&-r#ge 

[0 13 6]&fC, PN#PEND«fcy&:*#V\j?>^fr 
£*U»tU PENDJcy^/Js^^lCtt, PNSrlfe' 10 
l-M>*U*>hL Ufy^SlO), XrvzfSZ 
lcj?3„ PEND<fcy%*£l^fcfcfc*aS£jJi| 

[0 13 7] ®1 8«, X^^^-v^^>y$:^Td 
Zfi^WrSMZ. 01 l<D^yzfS8lZ^xmi 8 

[0 13 8] HrfVxV hOD*/i>S:^S^©*,i> 

■494 hMCD4tf> (vy:/©4M» 20 

Ufy7'S 11). 

[0 13 9] fiPt>01 9 (A) fCar*«fce>lC, 

1fi1r7Vx.tr hOB0*>i>fc-itrts<fc3fc4E®#c3 o 

XYZJ^^ (#m*tctg^LT*J:v^ tcfcwrm 
* V PO^fsfcfilj&^SHKir hMEt Lfe©^C, 

01 9 (B) , (C) tcmfJ:-Mc, ttMK^M/E* 
©^ft^X' Sfi<DA<RI^|6ltCI^< e fce)^X* Y' Z' & 

(13) oiexc m&<?h)\sE' ZEizgrn-tz-? 

[0 14 0] E=MXE' (1 3) 

±5$ (1 3) «ky, 
E' =M~1XE (14) 

£:&-5= ±3$ (14) iciswr, M-itiMcDiS^lvh 

[0141] * UT, rflMSBQftV bV>7 XM-lfCgcJ 
(1 5) (D&oiZJxM^t bJIRZZm&L 
T, SjW^^h;i/R2' fc^tos Uf >y7*S l 2) . 40 

[0 14 2] R2' =M~lxR2 (15) 
#CfC, 019 (D) tC^iofC, h;i/R2' 
£®^^&LT, t^X^J^TX, TY&^ 

UfyT'S 13). 

[0 14 3] fiP*>, 019 (D) iZB-t£$lZ. KM* 
* M/R2' £X" Z' spMOg^Lfe^^l/fcR 
2" tU R2" i:X" fi!ii:©^-r^S?:e i (g) £ 
Sfe>5f^£ h;i/R2' fcY' $ft0>&-3-^g&e 

2 (K) t-rSo 3<Z)i§-£{C. (16) (DJzoiZL 
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[0 144] 
TX=6 1/3 6 0 
TY=fl2/180 (16) 

(l 6) icfcvvf, e l = l 8 o (g) , e 

2 = 90 CS) £Lfe®£-fC«U 019 (D) fr*>mb 

**&j:3(c. S&K* h;i/R2' ©;frfti:$l$§K* h;b 
E' ©#|S|t#-£5rtSo *l/T, ^©I$©t-**7-v 
TX=0. 5, TY = 0. 5il^U, X^n. 
^-^T-^X^©/W^>f hfflfltOXflfb (Vy^<Z> 
##H83*lS^£fC;feS 0 fiP^, ±5$ (1 5) © 

hw&otpfoimmz tis «fc &^&t*&s i: ^ e> 3 i: 

[0 14 5] g&K, *&e>tlfe-r*;*.^&«TX, 

TY^m^PN oh*) fc#-^-r-g> (xfv^si 

4) . Z\(DTirx? J ?mffi.TX. TY&JHWC, 01 5 
(A) \Ztt£51kX**a9-38tTirjt.9- J *i:7t-7 

=l9-~?v fcT>y$:^T'$S. 

[0 14 6] 4. A-K7i7«C, #2iS&£ffiS: 
UStT'^S/N- K'7iTO^CO-M{Co^T02 0 & 
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